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FOREWORD

The cost of training devices and simulators has exceeded,
in some cases, the cost of the operational equipment that they
service. The capabilities for simulating reality are simultane-
ously increasing on an annual basis. The problem confronted by
the military is to determine exactly how much simulation is
sufficient for the stated learning objectives. Behavioral and
analytical techniques that can quickly and easily project or
predict how much simulation and training is required are lacking.
At the same time information on the cost-effective use of training
equipment within courses of instruction is sparse. The develop-
ment of models, databases, and techniques addressing these prob-
lems provides the first steps toward providirg integrated behav-
ioral and engineering decisions in designing, fielding, and using
advanced training technology. The potential effect on the Army is
to reduce the cost of training equipment while increasing the
equipment’s instructional effectiveness.

In response to these concerns and problems, the Army Research
Institute for the Behavioral and Social Sciences (ARI) and the
Project Manager for Training Devices (PM TRADE) have joined ef-
forts (MOU of Technical Coordination, May 1983; MOU Establishing
the ARI Orlando Field Unit, March 1985; Expanded MOU, July 1986).
Task number 3.4.5, Advanced Technology for the Design of Training
Devices and Simulators, provided the impetus for the work reported
in this document. PM TRADE has maintained partnership in all as-
pects of the development of the models, databases, and analytical
techniques. The final prototype software was delivered to ARI and
PM TRADE in December 1988, and has been disseminated to interested
parties at Fort Rucker, the Army Training Support Command, and the
Systems Training Directorate at the Training and Doctrine Command.
The prototype has also been provided at their request to the Naval
Training Systems Center Human Factors Research Group, the Air
Force Aeronautical Systems Division, the Air Force Human Research
Laboratory at Williams AFB, and National Aeronautics and Space
Administration Ames Research Center. The models and techniques
developed in this effort are expected to provide the basis for
useful aids supporting the integration of behavioral and engineer-
ing data, knowledge, and expertise in training equipment design in

the future.

EDGAR M. JOHNSON
Technical Director




ACKNOWLEDGMENTS

The authors would like to acknowledge the support they
received in completing this project and preparing the reports.
Dr. Halim Ozkaptan, the technical monitor for the project, pro-
vided sage counsel and guidance that set the direction for this
effort. Mr. William Goodrick provided an ongoing link between the
model developers and the user community at PM TRADE. Other engi-
neers from PM TRADE evaluated the OSBATS software at various
stages in its development. Many of their suggestions have been
incorporated into the software.

Many members of the contractor research staff have also
assisted in this project. Dr. C. Mazie Knerr provided management
support at several critical points in the project and also worked
on the development of the instructional-feature selection rules.
Mr. Leon Elder and Mr. Peter DeYoe assisted in the preparation of
model documentation. Ms. Marty Carson was responsible for docu-
ment processing and preparation.

We are pleased with the working relationship we were able to
develop and maintain with our subcontractors. The quality of the
prototype software is due primarily to the efforts of Mr. James A.
Stock from PAR Government Systems Corporation. Dr. Kenneth D.
Cross and Mr. Carl Bierbaum provided the knowledge that was in-
corporated into the fidelity rule base. They were also respon-
sible for developing the data used in the example problem.

vi




OPTIMIZATION OF SIMULATION-BASED TRAINING SYSTEMS: MODEL
DESCRIPTION, IMPLEMENTATION, AND EVALUATION

EXECUTIVE SUMMARY

Requirement:

The goal of this project is to develop and demonstrate
methods that help training-device designers perform tradeoff
analyses required for training-device design. These methods
should allow the designer to determine the training-device al-
ternatives that meet training requirements at a minimum cost or
provide the maximum training effectiveness at a given cost. The
methods should ke usable and apply to the concept-formulation
phase of the training-device development process.

Procedure:

A model for the optimization of simulation-based training
systems (OSBATS) was developed using a systematic, top-down design
procedure. The model consists of five tools that address the fol-
lowing problems: (a) determining which tasks should be trained by
part-mission or full-mission simulators, and which should be
trained on actual equipment; (b) specifying which instructional
features are needed to train a set of tasks efficiently;

(c) specifying the levels at which fidelity should be provided
along several fidelity dimensions in order to meet task training
requirements and satisfy a training-device cost limit; (d) deter-
mining the group of training devices that can train all required
tasks at the minimum cost; and (e) determining the optimal alloca-
tion of training time to training devices, given constraints on
device use. The tools share common data on task requirements,
training device features, and costs. A prototype Decision Support
System (DSS) implementing the OSBATS model was developed and for-
matively evaluated. The model was demonstrated on Army rotary-
wing aviation tasks, and specifications for application to armor
maintenance were developed.

Findings:

The OSBATS model is described as a system model using the
IDEFO (Integrated Computer-Aided Manufacturing Definition) system
modeling language. The IDEFO model provides a top-down analysis
of model components and relationships. In addition, the model
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activities are described for an example problem from a user's
perspective. The example problem illustrates the way that the
OSBATS model organizes the decision process, the kinds of analyses
that can be performed, and the kinds of output that are prcduced.
Finally, the results of a formative evaluation and an analysis of
the activities required to apply the OSBATS model to the armor
maintenance domain are described.

Use of Findings:

The OSBATS model may be used by engineers responsible for the
development of a training-device concept to perform tradeoff
analyses required to support the selection of the best technical
approach to a training-device requirement. The prototype DSS
provides an interactive environment in which the engineer may
perform several kinds of tradeoff analyses. The OSBATS software
includes the data necessary to use the model for certain limited
problems in Army rotary-wing aviation.

viii
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OPTIMIZATION OF SIMULATION-BASED TRAINING SYSTEMS:
MODEL DESCRIPTION, IMPLEMENTATION, AND EVALUATION

INTRODUCTION

This report describes a project to develop, implement,
and evaluate a prototype decision support system (DSS) that
helps training-device designers provide for the Optimization of
Simulation-Based Training Systems (OSBATS). The goal of the
OSBATS model is to specify training concepts, training-device
designs, and allocations of time to different training device
alternatives that either minimize the training device costs
required to meet training objectives or maximize the training
device effectiveness obtained at a specified cost.

The first year of this effort produced the conceptual
framework for the OSBATS model (Sticha, Blacksten, Buede, &
Cross, 1986), plans for implementation and evaluation (Young,
Luster, Stock, Mumaw, & Sticha, 1986), and a review of the
research literature relevant to the goals of the OSBATS model
(Sticha, Blacksten, Knerr, Morrison, & Cross, 1986). 1In the
second year, our effort concentrated on revising and enhancing
the model, developing prototype decision-support software
implementing the OSBATS model (Elder, Gilligan, & Sticha, 1988),
and conducting a preliminary evaluation of software modules
(Sticha, Singer, Blacksten, Mumaw, & Buede, 1987). Development
and evaluation efforts have centinued during the final year of
the project. This report describes the prototype OSBATS model,
its implementation, and the results of the formative evaluation.

Goals of the OSBATS Model

A training system consists of several major components,
including instructors, students, training equipment,
instructional strategies, and tasks to be trained. The major
concern of the OSBATS model is with the design and use of
training equipment, particularly equipment that simulates the
operation of part or all of the weapon system. The overall goal
of the OSBATS model is to determine the kinds of training devices
that can meet training requirements at the minimum cost.
Training requirements are defined by the specific tasks that the
student must be able to perform after training. Within this
general framework, we have restricted the scope of the OSBATS
model in several respects.

1. We are concerned principally with tasks that can be trained
by training devices or simulators. We are not concerned
with tasks that can be trained adequately in a classroom.

2. We are concerned with training devices that interact with
the student dynamically in a manner that is analogous to the
interactions that occur with actual equipment. This
restriction implies that we are not interested in such
training media as movies, videotapes, static representations
of actual equipment, and other training aids that serve
primarily to enhance classroom training. We are concerned
with computer-based training (CBT) to the extent that the
training involves a dynamic representation of the tasks
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being trained, rather than a static presentation of
information. There is a fine line between part-task
training, which abstracts critical components of a task and
provides training for these components in an environment
that may be only slightly similar to the actual environment,
and CBT that merely presents information to the student. We
have not attempted to define precisely the boundary between
these two types of training.

3. We are concerned with institutional training rather than
unit training. Unit training involves complexities that
were judged to be too difficult to handle in an initial
implementation. However, it should be possible to
generalize the model procedures to apply to unit training at
a later date.

We have decomposed this overall goal into three sub-goals,
and have developed a set of tools to meet these sub-goals.

The first sub-goal is to identify tasks that are good
candidates for training using a training device. Tasks may be
candidates for device-based training for several reasons. First,
the use of a training device may provide training at a lower cost
than comparable training on actual equipment. Second, a training
device may be able to produce special environmental conditions
that would be unsafe, expensive, or impossible to prcduce using
actual equipment. Finally, a training device may be more
efficient by allowing the student more repetitions of the tasks
during the same training time than the actual equipment would, or
by using appropriate instructional features. A second element of
this sub-goal is to determine clusters of tasks that have similar
training-device needs. The task clusters produced by this
process form the requirements that are used as the basis for
training-device design.

The second sub-goal is to design trairning devices with a
level of sophistication and cost that is tailored to the
requirements of the tasks for which they are designed. The major
training device components considered in this problem either
simulate the equipment and environment or provide instructional
support to the training process. The simulation components may
vary with respect to the fidelity with which they represent
corresponding actual-equipment components. There are many
simulation components, such as the device's visual system, motion
system, and dynamic simulaticn system. The value of investing in
different levels of fidelity for these components depends on the
effectiveness of the components in reaching the training
requirements. The device-design process must determine the
minimum level of fidelity required by the tasks to be trained.
The effectiveness of instructional features depends upon the
characteristics of the tasks to be trained and the population of
students. A training device should be designed with the
instructional features that provide the greatest improvement in
training efficiency given the tasks to be trained.




The third sub-goal is to determine the way to allocate
training resources among training devices and actual equipment in
order to minimize training cost. 1In some situations, it may be
possible for a training device to provide cost-effective training
on tasks other than those for which it was designed. 1In this
case, the training device should be used for those tasks. 1In
other situations, it may not be possible to provide the required
fidelity to train a task at an acceptable cost. 1In this case, it
may be optimal to design a simpler training-device that would
replace only a portion of the training time on actual equipment.
In its complete formulation, a procedure for allocating training
among training devices and actual equipment must consider the
constraints on the use of devices and actual equipment that come
from budgetary limitations, space and equipment availability, and
safety concerns.

Some of the complexity of training-system design is caused
by interactions between the three sub-goals. That is, although
there is a general logical progression through the sub-problems,
later processes can provide feedback to earlier processes. For
example, the resource allocation process that addresses the third
sub-goal may indicate that a high-cost simulator design leads to
a lower overall training cost than either a moderate- or a low-
cost device. This feedback may lead the analyst to develop and
evaluate other high-cost device designs. On the other hand, the
resource allocation process might indicate that a low-cost
training device can provide adequate training effectiveness for
all but a small subset of the tasks. This result might prompt
the analyst to design a new training-device specifically tailored
to the tasks that could not be trained by the low-cost device.

The interactions between the sub-goals for the OSBATS model
imply that a simple linear approach to the problem will not work
in some cases. Because of the complexity of the sub-goal
interactions, any model must be designed to be used iteratively.
That is, the results of individual model components must provide
input to later components and feedback to earlier components.
The OSBATS model provides for iterative application of its
component modules with greater precision at each application
cycle. The sub-goal interactions also indicate the need for
sensitivity analyses in which model assumptions are varied to
ensure that the solution obtained is a global, rather than local,
optimum.

Model Description

The OSBATS model was developed iteratively using a top-down,
system-analytic approach. The overall problem of training-system
optimization was decomposed into the sub-goals, which were, in
turn, decomposed into individual modules. Five software tools
were developed to address the three sub-goals. One tool, the
Simulation Configuration Module, addresses the first sub-goal.
Two tools, the Instructional Feature and Fidelity Optimization
Modules, address the second sub-goal. Two tools, the Training
Device Selection and Resource Allocation Modules, address the
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third sub-goal. The function of the five tools is briefly
described below, and is followed by an introductory presentation
of the input data requirements, the model processes, and type of
recommendations generated by the model.

1. The Simulation Configuration Module clusters tasks to be
trained according to their need for training on a full-
mission simulator (FMS), one or more part-mission simulators
(PMSs), or actual equipment (AE).

2. The Instructional Feature Selection Module determines the
relative priority with which instructional features should be
included in a training device.

3. The Fidelity Optimization Module determines the relative
priority of features that allow a training device to
represent the actual equipment and operational environment.

4. The Training Device Selection Module selects a set of
training devices that can be used to meet the training
requirements for each task at the least cost.

5. The Resource Allocation Module determines the optimal
allocation of training time to training devices and actual
equipment to meet all training requirements, considering
constraints on device procurement and use.

Input Data Requirements

All methods of training system design require a good front-
end analysis. The OSBATS model is no exception to this rule, and
requires information about training requirements, task
characteristics, trainee population skills, candidate training-
device instructional features, and fidelity dimensions. 1In
addition, because the model is quantitative rather than
gualitative, it requires numerical estimates for many of its
parameters. We do not anticipate that the engineer using the
OSBATS model will be the principal individual responsible for
providing input data. Rather, we see two principal sources of
data for the OSBATS model. First, information about the problem
structure, general training-device characteristics, and inference
rules will be resident in the model. The second class of data
describes the specific training problem addressed by the OSBATS
model. This information describes the tasks to be trained
according to the parameters of the model components. We do not
expect that the user will have the subject-matter expertise
required to provide these data directly. Consequently, we
envision that ultimately these data will be developed through a
task analysis that supports the training-device design process.
Certain inputs are required of the user, however. These inputs
consist of the critical judgments that express general priorities
in training-system design, and that limit the scope of the
problem addressed by the OSBATS model.




Model Processes

The overall modeling framework is based on methods that
define the training strategy that meets the training requirements
at the minimum cost. This framework was originally described by
Roscoe (1971) and has been extended by Povenmire and Roscoe
(1973), Carter and Trollip (1980), Bickley (1980), Cronholm
(1985), and our own work (Sticha, Blacksten, Buede, & Cross,
1986; Sticha, Singer, Blacksten, Mumaw, & Buede, 1987). In its
simplest form, the method compares the ratio of effectiveness of
two training alternatives to the ratio of cost of the options.
For example, if a training program that employs one hour of
training on a simulator saves 30 minutes of training on actual
equipment, and the hour of simulator training costs as much as 20
minutes of training on actual equipment, then the simulator will
meet the training requirement at a lower cost than actual
equipment. This approach addresses the tradeoff between the
increased training time that is usually required by th:s use of a
simulator and the decreased cost of that time.

The goal is to develop training device designs that have the
fidelity and instructional features required to meet the training
requirements for the tasks while avoiding extraneous or
inefficient features. We have applied a general design
methodology to the analysis for training-device design. This
methodology addresses problems in which there are many
alternatives formed by the factorial combination of several
dimensions. We have developed two applications of this
methodology. The first application addresses the instructional
features that should be included in the training device; the
second application addresses the fidelity features that should be
included.

Model Recommendations

The concept of operation for the OSBATS model is based on
the iterative use of the five model tools to make recommendations
regarding the definition of task clusters, the design of training
devices, and the allocation of training resources among selected
training devices. Both the subset of tools that are used and the
order in which they are used may vary depending on the
requirements of the problem and the preferences of the user.
Although the tools may be used in a variety of orders, the most
natural order is to address the three sub-problems in the order
that they were originally enumerated. Later in the report, an
example application of the tools in that order is presented that
illustrates the kinds of recommendations that may be made by the
OSBATS model.

An overview of the OSBATS model is presented in the second
section of the report. A description of the model tools, in
terms